Abstract-This study investigated computer supported collaborative learning in the Web-based learning environment designed using the constructivist Problem-Based Learning (PBL) approach. One group of students was exposed to the constructivist PBL Web-based learning whilst another group was exposed to traditional PBL learning approach. A lecture-based teaching was given to another group. Thus, a quasi-experimental non-equivalent post-tests research design was adopted. The analysis of the data revealed that the web-based PBL learning and the traditional PBL yielded positive educational output and highlighted the importance of the scaffolding by the use of guided questions in the learning processes that supported both better understanding and motivation in the learning of statistics. Highly positive responses were recorded from the respondents in their evaluation of learning performances, hence indicating the strength of both the web-based and traditional PBL approach in the enhancement of learning effectiveness and motivation towards learning.
I. INTRODUCTION Computer Supported Collaborative learning (CSCL) is aimed at facilitating knowledge sharing and preparation for efficient learning, thus enhancing acquisition of knowledge or skills. Research shows that CSCL provides motivation and instigate learners towards learning and acquisition of knowledge prior and after the actual classroom learning takes place. According to Capun and Kuhn (2004) collaboration in itself is neither effective nor ineffective. In addition, theoretically and empirically, evidence concerning collaborations in learning is still shallow [1] . Researchers may need to investigate into cognitive perspective in order to provide evidence on efficiency in learning or investigate learning environment from a socio-cultural perspective. Other perspectives may also be considered such as human behaviour, technology adoption, instructors-learners interactions, instructional designs and many more.
II. PROBLEM-BASED LEARNING
In relation to instructional design and learning efficiency, problem-based learning (PBL) has been forwarded as one promising approach in teaching and learning. Problem-based learning is a student centered instructional approach to promote active learning through investigating authentic problems setting [2] . The problems are complex to the learners, hence requiring them to acquire critical knowledge, self-directed learning, and collaborative work in attaining the problem solution. As for instructors, they need to prepare PBL unit, which begins with complex or ill-structured problem in which students can be engaged deeply in the exploration to attain the solution. Learners will then be directed to obtain appropriate learning resources to be utilized in the solution.
This can be done via face-to-face collaboration with instructors' monitoring and facilitations. In addition, with the abundance of learning resources available on specific websites, the learning can be shifted from the traditional instruction to integration of information and communication technology (ICT). The learning through integration of ICT opens up new opportunities for students to engage in learning irrespective of when, where, and how learners want to do it [3] . The authors contended that class discussions would become more productive as students can work collaboratively. Collaborative learning or problem solving can be facilitated, as learners working in a group can discuss before or after attending classroom sessions. Problem-based learning as an innovation in learning can also be regarded as computer supported learning when learning involves integration of ICT. In a different form, PBL can also be innovative by implementing the traditional face-to face mode.
Theoretically, PBL is a pedagogical method based on constructivism in which realistic problems are used in conjunction with a learning environment incorporating information mining, inquiry, self-directed learning, dialogue and collaborative problem solving. Hence it creates an activelearning and learner-centered approach where unstructured problems are used as the starting point. In, addition, PBL has gained attention as a result of bridging the gap between theoretical knowledge and practical knowledge of learners whereby PBL emphasized on real-world competencies. Recent developments such as advances in E-learning, psychology, and pedagogy also promote PBL and an innovative learning environment.
In the last 20 years, many studies were conducted on implementation of problem-based learning (PBL) in professional education and training [4] , [5] , [6] , [7] , [8] , [9] . Reference [10] indicated that there is no effect of PBL on students' declarative knowledge; however in some studies, which compared PBL, students with traditional students on measure of knowledge application indicated a moderate effect size favouring PBL students. However, study on students from different universities with different characteristics showed that the PBL group was more likely to make errors rather than students with traditional approach [11] . But, the students of PBL group created more elaborated explanation compared to the sparse explanation of students in the traditional approach. Overall, the results of this study indicated that PBL approach enhance the development of reasoning strategies. In addition, a study, which conducted, by Hmelo [12] on first year medical students indicated that PBL students generated more accurate and coherent problem solutions compare to traditional medical students.
Other work that supports the positive effects of PBL was a study conducted on two groups of pre-service teachers in the technology-supported PBL in Educational Psychology course [13] . The research was carried out in three semesters and there were consistently positive effects favouring the students in the PBL class on targeted outcomes. Capon and Kuhn [1] conducted a research on MBA students, which randomly assigned to some conditions such as PBL-first, lecture-second or lecture-first, PBL-second for two different topics in Management. The results of this study showed that there was no significant difference on measures of declarative knowledge between above condition, however students in PBL group constructed more integrative explanatory essays for the concepts that they had learned. Consequently, PBL approaches are effective at preparing students in their future learning.
III. METHODOLOGY
The quasi-experimental nonequivalent control group design was employed. This study examined performance of postgraduate students who were taking Educational Statistic course. Three groups of students were formed on a voluntary basis. Each group was assigned randomly to either of the traditional PBL, web-based PBL or the conventional treatment. Six PBL Modules, which consisted of scenarios and guided questions were developed by the authors and were used over a period of 10 weeks (refer to Appendix I). The statistic tests were conducted to assess the students' performance or learning outcomes in Educational Statistic The two sets of test conducted: Test I (post-test 1) and Test II (post-test 2). General linear model (GLM) multivariate procedure was employed to test the effects of both the traditional and webbased PBL and the conventional teaching approaches.
In this study, we provide one group of students with teaching and learning via the problem-based strategy with collaborative support. On the other hand, the web-based PBL group undergo teaching and learning with initial presentation of web-based materials followed by instructor facilitation of learning using a website developed by the researchers. A third group, called the conventional group undergoes teaching via lecture method. Problem scenarios, guided questions and assessment questions posed as platform towards collaborative work for students in for both collaborative learning groups. Their final goal is to produce a presentation of problem solution for the assessment questions.
Students were also given notes highlighting and focusing on the important concepts and the learning outcomes to be achieved. Students were also encouraged to source information on the website and any textbooks suggested for the course. Students were encouraged to answer the questions by using multiple resources prepared and suggested by the instructor. Students were asked to complete the first problem scenario with guided questions before proceeding to the second problem scenario. During this session the instructor act as facilitator providing guidance and monitoring the discussion based on the questions provided in the PBL Guided Questions Module.
In addition, they were given the assessment questions and were told to work collaboratively on their own chosen time. The next session then starts with each group representative presenting the solution of the assessment questions. Students understanding and misunderstandings were clarified and concluded during this session by the instructor. Two statistics tests which namely: Test I and Test II were conducted to measure students' overall performance. Both statistics tests comprised of two parts: objective questions (part1) and subjective questions (part 2). Students' conceptual knowledge was measured by total scores of first part of the statistics tests and students' procedural knowledge was measured by total scores of second part of the statistics tests. Students' mental load was measured from amount of mental load they invested during learning phase in solving assessment problems and instructional efficiency also computed by implementing the two dimensions formula of instructional efficiency.
IV. RESULTS
The variables analysed were students' overall performances in learning Educational Statistics, statistical conceptual knowledge and procedural knowledge, mental effort ratings that represented cognitive load imposed during the learning phases, and instructional efficiency. The subjects for this experiment were 65 students from students who enrolled in Educational Statistics course in Faculty of Educational Studies of one of the public universities in Malaysia. The traditional PBL group consisted of 23 students, the web-based computer supported collaborative PBL group consisted of 17 students and the conventional group consisted of 25 students.
A. Performance
The means and standard deviations of the overall performance for the three groups and results of the ANCOVA test are provided in Table 1 . The overall performance score ranged between 0 and 100. Mean overall performance of the traditional PBL group was 70.8 (SD=12.08) while mean overall performance of the webbased PBL group was 80.1 (SD=17.2) and the mean of overall performance of the conventional strategy group was 56.6 (SD=20.38). An ANCOVA test analysis showed that the difference in the means were significant, F(2,61)=6.35, p<.05. The results indicated that there was significant difference in the mean overall performance in the learning of the statistics between the three groups. The magnitude of the differences in the means was considered large based on Cohen (1988) with eta squared (ES) = 0.172. The guidelines proposed by Cohen (1988) for interpreting this value are: .01 = small effect, .06 = moderate effect, .14 = large effect. Based on Post-Hoc test the mean of overall performance for conventional group was significantly different from traditional PBL and Web-based PBL groups. The means and standard deviations of the conceptual knowledge performance for the three groups are provided in Table 2 . The conceptual knowledge performance score ranged between 0 and 100. Mean conceptual knowledge performance of the traditional PBL group was 60.47 (SD=9.5) while the web-based PBL group was 67.24 (SD=9.4) and the mean of conceptual knowledge performance of the conventional group was 51.76 (SD=13.11).
An ANCOVA test analysis showed that the difference in the means were significant, F(2,61)=3.41, p<.05. The results indicated that there was significant difference in the mean conceptual knowledge performance during the tests phase in the statistics learning among the three groups. The magnitude of the differences in the means was considered moderate based on Cohen (1988) with eta squared (ES) = 0.10. Based on post-hoc test, the mean of conceptual knowledge for web-based PBL group was significantly different from traditional PBL and conventional groups. Table 3 depicted the means and standard deviations of the procedural knowledge performance for the three groups. The mean procedural knowledge performance of the traditional PBL group was 72.27 (SD=13.87) while mean procedural knowledge performance of the PBL-Web group was 74.54 (SD=18.03) and the mean of procedural knowledge performance of the conventional strategy group was 60.57 (SD=23.27). An ANCOVA test analysis showed that the difference in the means were not significant, F(2,61)=1.76, p>.05. The results indicated that there was no significant difference in the mean procedural knowledge performance on the two tests in the statistics learning among the three groups; however the PBLWeb group had performed better for both post-test than other groups. The magnitude of the differences in the means was considered small based on Cohen (1988) with eta squared (ES) =.055.
V. DISCUSSION AND CONCLUSION
The results of this study seemed to support the contention that the use of both PBL approaches induced higher overall performance. Specifically, the results showed that the web-based PBL group outperformed traditional PBL and conventional strategy groups, in learners overall performance, and conceptual knowledge. The traditional PBL group and web-based PBL group also committed less error for tests phase.
On the other hand, the mean of mental load of conventional group was greater than the means of the traditional PBL and web-based PBL groups. These results implied that the PBL with web-based strategy was effective in improving students' overall performance, conceptual knowledge in learning of statistics, and reducing of number of errors and mental load in problem solving of statistics. These results supported the findings from previous studies [13] , [14] and [15] .
This study opens avenues for other researchers to investigate more areas on traditional PBL and computer supported collaborative learning PBL in mathematics instruction. It is recommended that it be replicated and extended to other levels and other fields of university students. In addition, a larger study with a larger sample especially for the web-based PBL group should be conducted to give a better picture of the effectiveness of PBL in teaching and learning mathematics.
